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PERFLUOROELASTOMERS WITH ENHANCED PROPERTIES 

Backgronnd of the InvenHnn 
Perfluoroelastomers such as those described in U.S. Patents 
3,682.872, 4,281,092, 4,487,903 and 4,983,697 have properties- that make 
them attractive for use mider unusuaUy severe conditions. These materials 
are suitable for appHcations reqmring the characteristics of an elastomer and 
at the same time tolerance for e3q)osure to high temperatures or to 
aggressive chemicals. 

The mechanical properties of perfluoroelastomers, in common 
with other elastomers, are conventionally adjusted by varying tiie ratios of 
perfluoromonomers in tiie polymers, by vaiying the amount of carbon black 

and otiier compound ingredients, and by vaiying tiie curing, or vulcanizing, 
chemistry. Certam uses, however, require combinations of properties not ' 
attainable by known means. One particularly desirable improvement would 
be the increase of tensile strength and modulus witiiout sacrifice of 
compression set 

Summary nf fhe InvenHmi 
The present invention provides cured perfluoroelastomers 
which exhibit enhanced mechanical properties tiirough tiie incorporation 
into tiie compound of a fluoropolymer modified witii a monomer containing 
a hydro;^! ^oup. 

Specifically, the instant invention provides a polymer blend 
comprising, complementally, 

(a) atleastoneperfluoroelastomeroftetrafluoroethylene, 
perfluoroalkyl perfluoro(vinyl etiier) and at least one cure site moiety, a^d 

(b) about fi-om 2 to 20 parts by weight of at least one 
hydroxy-containing fluoropolymer, tiie fluoropolymer containing about from 
0.2 to 20 mole percent of units derived from at least one hydro:gr-contairang 
vinyl ether monomer of the formula 

CF2-CF[OCF2CF(CF3)]„(0)p(CF2)„CH20H wherein p is 0 or 1; m is 0 to 
10 and n is 0 to 20; and provided tiiat when m is 0, p is 0; and v<*en m is 
greater tiian 0, p is 1; and further provided tiiat at least one of n and m is at 
least 1. 
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Petailed Deserintinn nf fh^ T^^rtfTT" 

Perfluoroelastoniers usedfii flie presem invention are 
prepared from tetrafluoroeflgrlene, peifluoroallgrl perfluoro(vii^l ether) and 
atleastonecuresitemoiety. Forpuiposes of the presentinyention, minor 
5 portion&of thetetrafluoroettylenecanbereptedbyotherperhaloolefi^^^ 
sucbaschlorotrifluorcjethjaene. Perfliioro(aftyIvuiyl ethers) preferred for' 
use in thepresentinvention indude perfluoro(nwfJqfI vinyl ether) (PM 
andpeifInoroOpropyJviiQrlether>(PPVE).SmaU concentrations^ 
monomers which are not perfluorinated can also be used without 
10 s^g^ificantiychan©^g the desirable characferistics of these 

perfluoroelastomers. Normally, such monomers are incorporated as cure 

sitemoietiesto obtaiiLdesfrable crosdinking (iaracferi^ 

present m concentrations lip to aboutS mtm. Such monomers can include, 

for ejample, bromotetrafluorobUten^ bromotrifluoroethylen^ and 
15 monomers containing cyano gnaps, Aftematively or additipnaUy, chain 

transfer agente which are not perfluorinated can be used in the 
potymerization reaction to introduce desirable fiagments into the pol^^ 
for cuiingpmpose!^ and are considered cm» site mo^^^^^ 
theconiextofthepreseiitinventioiL Such agents mdudedi-iodo compounds 

20 thatresultihboundiodinemthepolymer^commanlyattheendofthe 
molecule. Repres^tative peifhioroelastomers are illusttated in U.S. 
Patents3,467,638, 4,2ai.092, 4.487^ 4.525^784, 4,948.853 and 4,983,697. 
each of which is hereby incorporated by reference. 

In accordance with the present mvention, the 

25 perfluoroelastomer is blended wi& about from 2to 20 parts by weight of at 
least one hydroxy-containii^fluoropolymer, the fluoropolymer containing 
aboutfeom02 to 20 mole percent of units derive from atleast one 
faydro)gf-contaSningvii^ ether monomer of the formula 
CF2-CT[OCFiCF(P^3)L(0)p(CF^^ 

30 10andnisOto20jandprovidedthatwhenmisO,pKO;andwhenmis 
greater th^0,pis 1; and fiirffier provided that at least one of nandmfe at 
least! HydrcMgrHJonfairiingfflononiersi)iaiichcanbeiKed^ 
of liiese fhiorqpoiymers are described in detail in U.S. Patents 4,982,009 and 
5,059i720. Am()ngthesefluoro(vinylethere),aprefeiredmonomeris 
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CF2=CFOCF2CF(CF3)OCF2af2-CH20H (EVE-OH). 

The fluoropolymers used in this invention, in addition to the 
units derived from the hydro^gr-containing vinyl ether monomer, contain at 

least one other fluoromonomer. These fluoromonomers include 
fluoroolefins and fluoro(vinyl ethers). Preferred fluoromonomers include 
TFE, hexafluoropropylene (HFP), PPVE, and PMVE. Monomers that do 
not contain fluorine, such as ethylene (E), can be used in conjunction with a 
fluorinated monomer. Partially fluorinated monomers such as 
perfluorobutyl ethylene (PFBE) can also be used. One illustrative 
combination with a hydro^gr-containmg monomer is B/TFE/PFBE. 
Preferred combinations with the hydroxy-containing monomer include TFE 
alone, TFE/HFP, TFE/PPVE, and 1FE/PMVE. These polymers can be 
prepared by conventional copolymerization techniques. 

The hydroxy-containing fluoropolymers can be either partiaUy- 
aystalline and classified as fluoroplastics or non-aystaffine and classified as 
fluoroelastomers, depending on the monomers chosen and their proportions 
as known to those skiUed in the art. If the hydro^y-modified fluoropolymers' 
are elastomeric, they may also contain cui« site monomers or fragments with 
desirable curing characteristics derived from chain transfer agents in 
20 polymerization, as discussed above. 

the units in the fluoropolymer derived from hydroxy- 
containing monomer will constitute about 0.2-20 moI% of the modified 
fluoropolymer. If the fluoropolymer is a fluoroplastic, the units derived from 
the hydroxy-containing monomer will constitute about 3-20 mol% and 
preferably about 5-15 mol% of the hydroxy-modified fluoropolymer. If the 
fluoropolymer is a fluoroelastomer, the units derived from the hydroxy- 
containing monomer wiU constitute about 02-10 mol% and preferably about 
03-5 inol% of the faydnny-contaimng fluoropolymer. 

The amount of hydroxy-containing fluoropolymer used in the 
present polymer blends is about from 2 to 20 parts by weighs per 100 parts 
by weight of the polymer blend. Preferably, flie hydroxy-modified 

fluoropolymerwillbeaboutfrom5to 15 parts byweightoftheblend. Hie 
blending of the polymeric components of the present invention and 
compounding of the blends with other components of the compounds can be 
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camedGutby<»nyeiitioiialbteiidmgandcompotmdmgteM The 
blends of the present mvOTtibn are tjpicaUy compoimd 
of flie additives known to be usefiii in peifluoropolymer compositions, such 
aspijgmenfs,ffllers,pore.formingagentsandpIasticizers. It is particularly 
advantageous taadd carbon black tb the flubroefastomer to increase its 
modulus. Usually,amountsofabout5.50partsbyweigfatperhundredparts 
ofthefluoroelastomerblendsareused^theparticularamountbeihg . 
determined firom the partide size of the carbon black and the desired 

hardness and modulus of the cured composition. 

One don5)0nent of iflie compounded elastomer a cure 
accelerator. Theparficular'cure accderator is generally determined by the 
particular cure site monomerused in the fhioroelastomer. For those 
peifluorodastomers m whidi the cure site monomer consists essentially of 
perfluoro-(8H5aho-5™fliyl!.3,6-diQja.l-octene), tetrapheiqritin is 
customarily used Mthe blends bfftepresOTt invention, ithas been found 

that, with these cure sitemonomers, tripheiqrltifftydrideis particulady 
effective. 

The blends of the present invention, through the incorporation 
of the lQrdro3^s»nteiningfhiorqpolymer, exhibit s^cantly increased 

tensilestrength andmodulus, without sacrifice of other desirable 
elastomeric characteristics; such a$ compression set. 

In the followmgExampIes and Control Examples, parts and 
percentagesare by wd^tunless otherwise indicated 

Tn these Examples and Control Examples, the foHowing 
polymers were used, and prepared according to the indicated techniques. 
PolvmgrA 

A2.fiter reactorwaspurged with nitrogen, and then charged 
trath 125Q ml of deionized water, nd of 

i^XZ'trumio-ia:2.td^ 0^4^ aqueous 

ammoniumpersulfate initiator sofotion.: TFE (60 g)and20 g of 
CF,«CFOCF2CF(CF3)QCF,CFi.C^OH (BVE-Ol^ivere then transferred 
mto thereactor, theteiiqierature was increasedto 6(n:; and the agitator 
speed was set at 175 rpm. Cbntmuous fe^ed of TFE at the rate of 20 g/hr was 
then started Polymeiization continued at autogenous pressure for 4 hr, 
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after which TFE feed was stopped and the reactor was cooled. The polymer 
emulsion was discharged from the reactor and was coagulated by addition of 
concentrated nitric add accompanied by vigorous stirring, The precipitated 
polymer was collected by filtration, was washed thoroughly with warm water, 
and dried for 24 hr in a vacuum oven at 150 mmHg and lOO^C. - The yield 
was 135 g of a white powder designated as Polymer A. Polymer A had a 
molar composition of TFE/EVE-OH = 86.1/13.9 as determined by "T? 
nuclear magnetic resonance (NMR) spectroscopy at high a temperature of 
330°-340''C. The polymer was a partially crystalline fluoroplastic with a 
melting point of 279**C as determined by differential scanning calorimetrv 
(DSC). 
PolvmerB 

Eight batches of TTE/EVE-OH partiaUy-crystalline 

fluoropolymer were made by the above procedure for Polymer A The eight 

batches were combmed to yield 1040 g of Polymer B. Polymer B had the 

molar composition TFE/EVE^H = 88.5/115 by i«!F NMR spectroscopy 

and a DSC meltmg point in the range 280°-285"C 
Polymer r 

A modified perfluoroelastomer was made in a well-stirred 5.4- 
liter reactor by continuous emulsion polymerization at 70"C Two aqueous 
solutions were fed to the reactor. Hie first solution was fed at the 
composition rate of 120 ml/hr of water, 1.92 g/hr of ammonium peisulfate, 
1.3 g/hr of disodium hydrogen phosphate heptahydrate, and 1.4 g/hr of 
ammonium perfluorooctanoate ("Fluorad" FC-143 fi-om 3M Co.). The 
second solution was fed at the composition rate of 150 ml/hr of water, 1.6 
g/hr of sodium sulfite, and 1.7 g/hr of FC-MS. TFE, perfluoro (methyl ^yl 
ether) (PMVE) and EVE-OH monomers were fed simultaneously at the 
rates of 62 g/hr for TFE, 76 g/hr for PMVE, and 234 ml/hr for EVE-OH. 
The polymer was isolated by coagulation with magnesium sulfete aqueous 
solution, then washed and dried in an oven at S(fC for 48 hr. About 5.5 kg 
of Polymer C obtained in this way had molar composition 
IFE/PMVE/EVE-OH = 65.1/343/0.64 by NMR spectroscopy. 
Polymer C had a glass transition temperature (Tg) of -5*C and no 
discernible crystalline melting point by DSC 



In the Bcamples and Control Bcamples^^c^^ 
perfluoroelastoraerand hydroxy-modifiedfluoropolyiher with other 
ingredients specified were prepared on a standard two-roll rubber mill with 
the rolls heated to about 90"C Ingredients were weighed out^prembced. and 
then milled for 20-30 minutes: 

The compounded Mends were converted to a form suitable for 
physical testing by compression moldinginto sheet 15 cm square and L9 mm 
thick. Unless otfaerwlse spedfied, the sheet was press-cured at 21(fC for 10 
minutesr and then post-cured in adrculating air oven at 90°C for 6 hr 
foflowed by auni&rm transition to SOS'Cover lOhr and in turn followed by 
26 hr at 305X1 Spedmensfor physical testing were ffie^cut from the sheet as 
calledfortythe testmethods summarized in Table 1. 



TabtB 1. Phvslciil Test Mt^haai 



Symbol 


B-opertv 






Moddus at 100% elongation (psi> 


ASTMD-4I2 




Tensile streii|gthatbreak (pd} 


ASTMD-4I2 




Elongationat break (%) 


ASTMD-4I2 


H 


Heurdness (Shore A, pettet) 


ASTMD-395 


CS 


CompressionSet 70 hr/200"C, peUet) 


ASTMD-395 



Examples T.2 and Ginfml ^ 

Pptymer Aim <XMi5>ouhded with afluoroda^^^ 
asPo^erDandotheringre^entslistedinTable2. Polymer Dwasa 
TFB/PMVE/8-CNVEpafhioiioelastomer prepared according to the 
generaiproceduresdescribedinU.S. Patent 433^092.. g-CNVEis the cure 
sitemanomerpeifhior6-(8-q*ao-5-ihetI^l-3i6^1i^^ 
compound was molded and tested accordmgto deprocedures described 
above, and the results are summarized k Table 2. As can be seen from the 
test results m Table 2, flie incorporation of Potymer Am theblend enhanced 
modulus with modest saaifice of eompresaon set and tensflestrength^ a 
diesirable combination of prop^es, 
B^raples 3^ and Cnnfna It 
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Polymer B was compounded with Polymer D and other 
ingredients as Usted in Table 3, using the same procedures as in Ecamples 1- 
2. The compounds were tested as before, and the results are similarly 
summarized in Table 3. 
Examples 9. 12 and rnnfrnl f 

Polymer B and Polymer D were compounded with other 
ingredients including two different curing accelerators, as listed in Table 4. 
While both accelerators in conjunction with Polymer B show enhanced 
modulus and hardness with little or no sacrifice of compression set and little 
loss of elongation, the data show triphenyltin hydride to be superior in 
preserving low compression set 
Control ExflmplPQ 

Polymer D was blended with a commercial non-melt- 
fabricable TFE polymer (PTFE) of the ^e known as fine powder, available 
as Teflon® TFE fluorocarbon resin grade 6C (Du Pont Co.), and other 
ingredients as listed in Table 5. After milling, molding and curing, the 
elastomeric sheet lacked integrity, beii^ delaminated and showing visible 
cracks and blisters, so properties were not measured. These examples 
indicate that fluoropolymeis without hydroxy modification are ineffective in 
enhancing properties. 
Examples 1,1 .14 and rnnti^l F 

Polymer C was blended with Polymer E and other ingredients 
as listed in Table 6. Polymer E» prepared generally as described in U.S. 
Patent 3,467,638, was an elastomeric copolymer of TFE and PMVE with 5- 
pentafluorophenoxy-perfluoro-(5-methyl.3.oxa-l.pentene) as a aire site 
monomer. The molded sheet was press-cured at 190*0 for 30 minutes, then 
post-cured in a circulating air oven first at 90*0 for 6 hr foHowed by a 10-hr 
transitionto288°Candfinallyat288"Cfor26hr. The test results in Table 6 
show that addition of the hydroxy-modified fluoroelastomer enhanced 

mechanical properties without sacrifice of conq)ression set 
Examples 1S.18 and rnnfrnl a 

Polymer C was blended with Polymer F and other ingredients 
as listed in Table 7. Polymer Fwas a copolymer oif TFE, PMVE, and BTFB 
in which BTFB is cure site monomer 4.bromo-33,4,4-tetrafluorobutene. 
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Perfluoroelastomers of this type and their preparation are described in U.S. 
Patent 4,035,565. After milling and moldmg by the general procedures 
described above, thesheet was press-cured at WCfor 10 minutes, then 
post-cured ii a circulating air oven at 9&C for 2 hf followed by a 6-hr 
5 transitionto25p?Candfinallyat250?Cforiahr. The test results in Table 7 
show enhancements of modulus and tensiie^trength with little change of 
hardness and modest lossof elongation, three of the samples esdiibit 
favorable reductions m compresision set. 
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Table 2. Compounds ^th Hydroxy-Modified Flooroplastic 





^Bcample 


Control A 


1 


2 




Formulation: 








5 


Polymer A 


0 


10 


10 




Polymer D 


100 


90 


90 


• 


Carbon Black 


12* 


12" 


12« 




I8-crown-6*^ 


03 


03 


03 




Ph4Sn<>3 


3 


3 




10 


Properties: 












1300 


1449 


1862 






2700 


1786 


2146 




Eb 


150 


121 


109 




H 


77 


82 


86 


15 


CS 


20 


36 


36 



' SAF type carbon black 
SRF type carbon black 
«Aldiich Chemical Co. 
20 <i Tetn^hei^ltin 
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Tables. Coiapoimdswith Hydntjgr^Modmedn^^ 



^^P^^ 3 4 5 7 « 

Fonnulation: 



PolymerB 


0- 


125 


10 


75 


5 


. -3.75 


15 


Polymer D 


10© 


87^ 


90 


925 


95 


9625 


85 


SAF Carbon 


12 


12 


12 


52 


12 


12 


12 


18-croiwil-6 


03 


03 


03 


03 


03 


Oi3 


03 


Ph^Sn 


3 


3 


5 


3 


3 


3 


3 



10 Properties 

Mmo 1300 1602 1621 — 1446 1169 1738 

2700 2473 . 2600 2444 2410 2246 2903 

150 106 114 117 115 m 

^ 77 89 89 88 87 &7 90 

^ . CS 20 35 ,29 22 21 19 37 



l^'l/Ut»93/04380 



.11 

Table 4. Ck)inpoiinds with Different Cure Accelerators 



^EamEls c Q in 11 

Formulation: 



15 



Polymer B 


0 


c 


n < 
/•D 


5 ' 


1J5 


Polvmer D 


IvU 






95 


923 


SAF darhnn 


19 


IZ 


12 


12 


12 


18-crowii-6 


0^ 


A ^ 


03 


03 


03 


Ph^Sn 




D 


•a 
3 






PhaSnH" 








3 


3 


Properties: 












Mioo 


1300 


1784 . 


1925 


1965 


1965 




2700 


2423 


2246 


2199 


2190 


Eb 


150 


117 


108 


107 


107 


H 


77 


87 


88 


88 


89 


CS 


20 


22 


25 


20 


21 



'Triphei^rltin Hydride 



20 
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Tables. Compounds ivitb Unmodified FluQiopIasfic 

Forniulation: 

5 FIFE6C 1^5 5 

PolymerD ^js 95 

SAFOrbQu 12 12 

IS-a-ownnS OiS g3 

Ph4Sa 3 3 
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Table 6. Compounds with Hydroxy-Modified Fluoroelastomers 

Example F 12 M 

Formulation: 



Polymer C 


0 


5 


10 


Polymer E 


100 


95 


90 


SAF Carbon 


10 


10 


10 


18-crown-6 


4 


4 


4 


MgO 


4 


4 


4 


KjAF 


3 


3 


3 



Properties: 



Mioo 


1370 


1571 


1429 


Tb 


1699 


1944 


1975 


Eb 


116 


115 


125 


H 


80 


80 


79 


CS 


51 


45 


51 



a Dipotassimn salt of bisphenol-AF 



20 
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■EaWe 7* Compoiiiid$ini&Hydto3gr.Modified Flnoroelastonier 





Q 




J(5 


17 


18 


Foimokdiom 


-■ ■ 










5 Polymer C 


0 


■ 5 . 


10 


15 


20 


Polymer F 


loa 


95 


90 


85 


80 


SAFQjrboa 


10 


10 


10 


10 


10 


18-crowa-6 


4 


4 


4 


4 


4 


MgO 


A 


4 


4 


. 4 


4 


m :^AF . 


3 


3 


3 


3 


3 



Frqpertfes: 



15 





775 


889 


995 


1035 


835 




2262 


2448 


2303 


2196 


2311 




217 


195 


172 . 


163 


199 


H 


79 


78 


79 


81 


77 


CS 




46 


52 


51 


71 ' 
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ICLAIM: 

1. A polymer blend cpmpri^g, complemenfally, 
(a) at least one perfluoroelastomer of tetrafluoroethylene, 
perfluoroalkyl perfluoro(vmyl ether) and at least one cure site moiety, a^d 
5 (b) about from 2 to 20 parts by weight of at least-one 

hydroxy-containing fluoropolymer, the fluoropolyraer containing about from 
0.2 to 20 mole percent of units derived from at least one hydroxy-containing 
vinyl ether monomer of the formula 

CF2=CF[OCF2CF(CF3)]„(0)p(CF2)„CH20H wherein p is 0 or 1; m is 0 to 
10 10 and n is 0 to 20; and provided that when m is 0,p is 0; and when mis 
greater than 0, p is 1; and further provided that at least one of n and m is at 
least 1. 



15 



25 



2. A polymer blend of Qaim 1 wherein the fluoropolymer is a 
plastic and contains at least about 3 mole percent of units derived from the 
hydros-containing vinyl ether. 



3. A polymer blend of Qaim 2 wherein the fluoropolymer 
contains about fromS to 15 mole percent of units derived from the hydrojgr- 

20 containing vinyl ether. 

4. A polymer blend of Qaim 1 wherein the fluoropolymer is 
an elastomer and contains about from 0.2 to 10 mole percent of units 
derived from tiie hydroxy-containing vinyl ether, and the fluoropolymer 
further comprises units derived from tetrafluoroethylene and peifluoroallg^l 
perfluoro(vinyl ether). 



5. A polymer blend of Qaim 4 wherein the hydroxy- 
containing fluoropolymer contains about from 0.5 to 5 mole percent of units 
30 derived from the t^rdro^-contaimng vinyl ether. 



6. A crosslinkable composition comprising a polymer blend of 
Qaim 1 in about from 1 to 5 parts by weight of at least 1 cure accelerator. 



7. A crosslinkabie cpiE^osition of Claim 6 wherein th& cure 
site monomer in the perfluorqelastomer consists essentially of peifluoro-(8- 
(:yano-5-metlQrI-3,6Hdiax^-^|-octene). . 

5 8^. A crossIiBkable conqiosition of Qaim 7 wherem the cure 

accelerator consiistsessentially of tetraph^yltin. 

9. A arossHiikable con^osition of Gaim 7 wherein the core 
accelerator consists essentiia% of tnphenyltin l^ddde. 

la 
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